The bee honey is valuable and indispensable food that has accompanied the mankind since the ancient ages up today. Due to the specific way of deposing of the honeydew on the surface of the plant leaves, the honeydew honey is exposed on contamination from the environment on higher degree compared with the nectar honey. This study aimed to analyze the content of: lead, cadmium, copper, zinc, iron, manganese and cobalt in samples of honeydew honey from some high producing areas in Northeast (Silistra, Razgrad), and Southeast Bulgaria (Burgas).The samples were analyzed using atomic absorption spectrometer Perkin Elmer 3030. The ash content and the conductivity were determined as well. The conductivity of all samples exceeded 0.8 mS/cm -meeting the requirements for authenticity of honeydew honey. The highest results for the content of lead (0.21±0.04) mg/kg, cadmium (0.023±0.007) mg/kg, zinc (3.29±2.34) mg/kg and manganese (2.39±0.85) mg/kg were found in the samples from Razgrad, for copper (0.87±0.28) mg/kg and for iron (11.47±6.29) mg/kg -the highest were in Silistra and for cobalt (0.036±0.012) mg/kg -in Burgas. The study demonstrates that the content of investigated metals in the honeydew honey is well balanced, and does not pose a risk for the consumer.
INTRODUCTION
The bee honey is valuable and indispensable food that has accompanied the mankind since the ancient ages up today. It is a natural sweet product, produced by honey bees Apis mellifera from the plant nectar -nectar honey, or from the secretions of the live parts of plants and the excreta of the insects, sucking from the plantshoneydew honey (1) . Honey is a complex biological product, extremely valuable for the human organism as food and remedy. That is why it should not contain undesired substances like pesticides, radionuclides, residues of veterinary medical products, heavy metals. Honeydew honey is often preferred for medical purposes, as it contains greater amount of micro elements, high molecular sugars, and amino acids. It is recommended in cases of anemia, anorexia, liver diseases, viral infections and flu (2) .
Studies of many authors prove the connection between the content of heavy metals in polluted _______________________ *Correspondence to: Margarita Marinova, 1606-Sofia, "Pencho Slaveikov" blvd. 15 , NDRVMI , Tel.: +359 887068787, Fax: +359 2 952 53 06, E-mail: magi_marinova1960@abv.bg environment and their content in the bee honey produced in this environment (3, 4, 5) . Due to the specific way of deposing of the honeydew on the surface of the plant leaves, the honeydew honey is exposed on contamination from the environment on higher degree compared with the nectar honey, especially when the contamination comes from the air. Many authors find higher values of the studied metals in honeydew honey compared with nectar honey with identical environmental conditions (6, 7) . According to some authors, the heavy metals content is between 2 and 3 times higher than the content in nectar honey, albeit both types of honey are produced in identical environment (8) . That makes the honeydew honey a good indicator whether a specific area is polluted or not. The presence of industrial pollutants close to towns and developed transportation presuppose the presence of polluted environment and a risk of higher content of metals in the honey produced in it. Even if the bee colonies are not located in areas with high anthropogenic risk, the climate conditions may be a reason for polluting the environment. This study aimed to analyze the content of seven metals: lead (Pb), cadmium 297 (Cd), copper (Cu), zinc (Zn), iron (Fe), manganese (Mn), and cobalt (Co) in samples of honeydew honey (after preliminary proof of its authenticity) from the areas of the following areas in Northeast (Silistra, Razgrad), and Southest Bulgaria (Burgas). Elements posing toxicological risk for people were selected -Pb, Cd, Co, Cu, Mn, and Zn. Iron was another element, selected by us for studying as it is toxic for bees (its increased content in their food results in higher levels of bee death rate).
MATERIAL AND METHODS
The study analyzed the mineral content of 44 samples of honeydew honey, produced in the areas of towns of Silistra (10 samples), Razgrad (9 samples), and Burgas (25 samples). We acquired the honey samples in the period between 2009 and 2013 from private farmers, breeding bee colonies in remote areas, away of towns and busy road system. The samples were prepared for analysis according to БДС EN 14082:2003 (9). The samples were analyzed using atomic absorption spectrometer Perkin Elmer 3030 with the following wavelengths: lead -283.3 nm, cadmium -228.8 nm, copper -327.4 nm, zinc -213.9 nm, iron -248.3 nm, manganese -279.5 nm, and cobalt -240.7 nm.
The ash content was determined gravimetrically after dry ashing of the sample at 550 °С.
The conductivity was determined in two ways:
measured using a Thermo ELECTRON CORPORATION conductivity meter with Orion DuraProbe Conductivity Cells 013005MD electrode with 0.475 cm -1 cell constant of 20 % aqueous solution of honey at 20 °C temperature; calculated using the following formula, describing the linear relation between ash content and conductivity (10):
All results are processed statisticallymean value and standard deviation was calculated using Microsoft Excel 2007. Table 1 shows the results of 44 samples of honeydew honey, examined for ash content, calculated conductivity (10) and measured conductivity, content of elements lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn), iron (Fe), manganese (Mn), and cobalt (Co).
RESULTS AND DISCUSIONS
The conductivity of all examined samples exceeded 0.8 mS/cm -meeting the requirements for authenticity of honeydew honey (1) . The values of calculated and measured conductivities were similar for the three areas (Figure 1 ). Probably it is in relation with the similar type of forests (oak trees, hornbeam trees and linden trees). In the area of Burgas the maximal values of conductivity and ash content are slight higher than the respective values in the other two areas -1.32 mS/cm conductivity and 0.71 % ash, probably due to the following trees, growing in Strandja: beech trees, oak trees (Q. stranjensis); and durmast trees. The average conductivity values from the three areas (0.96 -0.99) mS/cm correlate with those found by Spanish authors for honeydew honey, produced from oak forests -(0.9 -1.0) mS/cm (11) The highest average content of both elements was found in the samples from the area of Razgrad -0.21 mg/kg (Pb) and 0.023 mg/kg (Cd). A study on Swiss honeydew honey (14) from 1986 founded lead content in the range of (0.020-0.520) mg/kg and cadmium in the range of (0.004-0.060) mg/kg. The maximal values of both metals in the Swiss honeydew honey exceed the results for the areas, subject of our study.
Rusakova and Martynova (4) have found in various developed industrial areas of Russia and Ukraine lead values in the range of (0.296-0.593) mg/kg, exceeding significantly the results that we obtained.
Other authors have identified lower values of both metals, compared with our values. In honeydew honey from Poland were found 0.027 mg/kg of cadmium and 0.037 mg/kg of lead respectively (13) . In honeydew honey from Italy Pisani et al. (15) up to 0.147 mg/kg of lead content and up to 0.00347 mg/kg of cadmium content have identified. In Serbian honeydew honey the lead is (0.1±0.07) mg/kg (16) . A study on Bulgarian honeydew honey, conducted in 2008 by Yurukova et al. (17) , founded less than 0.2 mg/kg of lead and less than 0.02 mg/kg of cadmium. A study, conducted in the period from 2006 to 2009 by Atanassova et al. (12) , on Bulgarian honeydew honey, supplied by producers, has shown less than 0.08 mg/kg of lead content and less than 0.01 mg/kg of cadmium content.
The average contents of copper, zinc and iron in the samples from the three areas are shown on the graph in Figure 3 .
The copper quantity in the samples from the three areas were very similar, the highest zinc content was found in the samples from Razgrad, and iron content was the highest in the samples from Silistra. We suppose that there is a relation with the different content of the elements in the soil of these areas. Our studies found copper content in the range of (0.81-0.87) mg/kg. These data are similar to the results of other Bulgarian authors -0.45 mg/kg (12) and 0.73 mg/kg (17 The iron in the examined samples for the three areas varied from 5.44 mg/kg to 11.47 mg/kg. The iron values from the study of Yurukova et al. (17) are in the range of (1.83 -13.1) mg/kg, and are similar with the data, determined by us. Also the results from Italian authors are comparable with our resultsthe iron is in the range of (7.07 -13.7) mg/kg (15) .
The average manganese and cobalt values, that we determined, are shown in Figure 4 . 
CONCLUSION
The authenticity of 44 studied samples of honeydew honey from the three monitored areas -Silistra, Razgrad and Burgas was demonstrated by determination of their conductivity.
The samples were analyzed for contents of lead, cadmium, copper, zinc, iron, manganese and cobalt. The average quantities of the аbiogenic metals lead and cadmium were low, indicating minimal environmental contamination in the areas, where the honeydew honey has been produced.
The contents of copper, zinc and iron in the honeydew honey varied significantly. The probable cause is the different vegetation in the forests, where the honeydew honey has been produced, as well as the different quantities of these elements in the soil.
The quantities of cobalt and manganese, determined in honeydew honey, were similar or lower than the quantities, determined by other authors.
The honeydew honey study, conducted in Northeast and Southeast areas of Bulgaria, demonstrates that despite the existing probability of contamination with heavy metals, their content in the honey is well balanced, and does not pose a risk for the consumer.
